Administrative health databases are used in research to define comorbid conditions, diagnosis, and procedures. Our objectives were to validate a diagnosis of ST-elevation myocardial infarction (STEMI) and invasive cardiac procedure coding against a comprehensive registry of STEMI patients and determine an optimal algorithm for defining comorbidities using administrative hospitalization and ambulatory databases, but without using a physician claims database, which is unavailable for use in many jurisdictions.
Introduction
In contrast to many chronic diseases, ST-elevation myocardial infarction (STEMI) is acute and often has outcomes related to comorbidities and in-hospital procedures at the index hospitalization. Because administrative health databases are increasingly being used for epidemiological and population health research studies, it is important to be able to identify comorbidities and procedures appropriately for the purpose of creating patient comorbidity profiles and risk-adjusted regression models, and indices such as the Charlson Comorbidity Index. [1] Administrative case definitions using the International Classification of Diseases 9th (ICD-9) and 10th (ICD-10) revision have been well validated for many common conditions. [2] [3] [4] [5] [6] For STEMI and non-STEMI myocardial infarction, the case definitions have only been described using ICD-9 codes, which have not been used for inpatient data since 2002 in Canada. A previous study compared ICD-10 codes with their ICD-9 counterparts for 9 common comorbidities in cardiovascular patients and found a high level of agreement between the 2 versions. [7] In addition to the validation of the codes themselves, a key area of study is to determine the optimal strategy for defining comorbid conditions. Defining comorbid conditions using only codes from an index hospitalization often results in underreporting of conditions [2, 8, 9] and therefore it has become common practice to utilize algorithms that search for the occurrence of the particular diagnosis codes in the previous 1 to 3 years, in inpatient and outpatient records, to increase the identification rate of these conditions. These algorithms typically include data from hospitalizations, ambulatory encounters, and/or physician billing claims, [10] which enable capture of diseases that may be managed primarily in an outpatient setting. Owing to privacy regulations, the use of physician billing claims databases is often prohibited for research purposes; additionally, their use may generate false-positive records owing to rule-out diagnoses performed in a primary care office (e.g., if a patient was seen or tests were done to rule out a condition). Therefore, establishing algorithms to accurately identify key comorbid conditions in the absence of physician claims data (i.e., based entirely on inpatient and ambulatory databases) is of high value.
The 3 objectives of this study are to: validate the ICD-10 STEMI diagnosis in the Administrative Data holdings; validate the procedure codes associated with reperfusion namely coronary artery bypass grafting (CABG), percutaneous coronary intervention (PCI), and angiogram; determine the optimal algorithm for 7 common comorbidities using only hospitalization and outpatient ambulatory databases.
Methods

VHR registry
The Vital Heart Response (VHR) registry captured consecutive STEMI hospitalizations at 5 hospitals in Edmonton, Alberta, Canada, between October 2006 and March 2011. Patients were considered to have a STEMI and thus captured in VHR if they had positive Troponin and elevated ST waves based on an adjudication of the electrocardiogram (ECG) by experienced clinician investigators. Clinical information and medical histories, including age, sex, mode of arrival, reperfusion therapy, inhospital procedures and events, and medications, were acquired by independent review of the patient's chart by the Epidemiology Coordinating and Research (EPICORE) Centre-a dedicated research organization located at the University of Alberta. Seven comorbidities (previous angina, previous MI, hypercholesterolemia, hypertension, diabetes, previous heart failure, atrial fibrillation) were documented in VHR only if the condition was known before admission. Data collection for atrial fibrillation and previous heart failure were added in April 2010 and thus were only completed for approximately onequarter of the patients. Angiogram was recorded when it was done without any additional intervention, and thus we considered patients who had a PCI to also have had an angiogram. PCI (including primary, rescue, urgent, or elective) and CABG were recorded separately in the VHR database. VHR has been utilized previously for research purposes [11] [12] [13] and has undergone detailed quality review and validation, thus making it an ideal candidate as a reference standard for validating administrative definitions.
Administrative databases
The Discharge Abstract Database (DAD) contains 1 record for each acute care hospitalization in the province including dates of admission and discharge, a most responsible diagnosis and up to 24 other diagnoses, and up to 20 in-hospital interventions/ procedures. The National Ambulatory Care Reporting System (NACRS) contains all patient visits to emergency departments and in-hospital clinics in Alberta and includes date of visit, up to 10 diagnoses, and up to 10 interventions/procedures-of particular relevance to this study, this dataset does not capture visits to a primary care physician or specialist offices outside of hospital settings. The DAD and NACRS databases used the Canadian enhancement of the International Statistical Classification of Diseases and Health Related Interventions, 10th revision (ICD-10-CA) and the Canadian Classification of Health Interventions (CCI) for defining diagnoses and procedures, respectively, during the study time period and are coded by trained nosologists within each hospital according to Canadian Institute for Health Information and Provincial guidelines.
Administrative definitions
A diagnosis of STEMI was defined by searching each patient's index hospitalization for the presence of ICD-10 codes I21.0 * , I21.1 * , I21.2 * , or I21.3 * in the most responsible diagnosis field. To define CABG, PCI, and angiogram procedures, the index hospitalization records and outpatient records that occurred during, or 1 day before, the index admission were searched for the presence of relevant CCI codes (CABG: 1.IJ.76 * ; PCI: 1. IJ.50 * ; angiogram: 3.IP.10 * ) in any of the intervention fields.
The 7 comorbidities were defined based on the presence of ICD-10 codes in any diagnosis field: previous angina: I20. * , I25.11, I25.7; previous MI: I21. * , I22. * , I25.2; hypercholesterolemia: E78. * ; hypertension: I10. * , I11. * , I12. * , I13. * , I15. * ; diabetes: E10. * , E11. * , E12. * , E13. * , E14. * ; previous heart failure: I50. * ; and atrial fibrillation: I48. * . We considered 4 case definitions to define comorbidities using the administrative databases: the index hospitalization DAD record(s), the Index hospitalization or any DAD/NACRS records in the previous 1 year, the index hospitalization or any DAD/NACRS records in the previous 2 years, and at least 2 occurrences in any DAD/ NACRS records in the previous 2 years (i.e., index plus at least 1 record in the previous 2 years, or at least 2 non-index occurrences in the previous 2 years).
Data linking
Patients in the VHR registry were linked to the 2 administrative databases using unique patient identifiers, and records that could not be linked (out of province residence or invalid patient identifiers recorded in VHR) were removed. For patients with >1 STEMI hospitalization in VHR, only the first instance was retained in the cohort. To define the index STEMI hospitalizations in the administrative data, the patients in VHR were linked to corresponding hospitalizations in the inpatient DAD, as under the VHR protocol most patients are admitted directly and skip the Emergency Department, and so do not have an index record in NACRS. Because VHR includes patients transferred from other hospitals, we accounted for transfers in the administrative data by combining concurrent hospitalization records, into an episode of care. Therefore, the index hospitalization defined by the administrative DAD data sometimes contained >1 DAD record (but with dates overlapping with those recorded in VHR).
Statistical analysis
Baseline patient characteristics were summarized using frequencies and percentages for discrete variables and medians and interquartile ranges (IQR) for continuous variables. VHR was considered to be the reference standard and the performance of the administrative comorbidity and procedure definitions was Youngson et al. 95: 32 Medicine evaluated by calculating the positive predictive value (PPV), negative predictive value (NPV), sensitivity, specificity, and Cohen Kappa statistic, all with corresponding 95% Wald confidence intervals (CIs). As VHR contains exclusively STEMI patients, only sensitivity was calculated for evaluating the administrative STEMI definition. To assess and compare the discrimination of the 4 sets of administrative comorbidity case definitions, we modeled in-hospital mortality using logistic regression models that included the 7 comorbidities defined by each algorithm as well as age and sex, and reported the corresponding C statistics for each of the 4 models. Patients with missing values for comorbidities in the VHR registry were excluded from each comorbidity specific analysis but included in analyses for which their values were known. All analyses were conducted using SAS v9.4 (SAS Institute, Cary, NC). This study received approval from the University of Alberta Health Research Ethics Board.
Results
Cohort demographics
Between October 2006 and March 2011, there were 3592 hospitalizations for STEMI captured in the VHR database. After excluding patients with incomplete VHR chart review data (n = 3), non-Alberta residents (n = 265), patients with invalid patient identifiers (n = 39), and repeat visits by the same patient (n = 49), the resulting cohort consisted of 3236 unique patients (Fig. 1) . The median age of the cohort was 60 years (IQR 52-71), 75.7% of patients were male, and the median length of stay for the index hospitalization was 4 days (IQR 3-7). 43.9% of patients arrived by ground ambulance. Nearly half (48.6%) were transferred from another hospital as only 2 of the hospitals have PCI capability. Primary PCI and fibrinolysis were used for similar proportions of patients (43.7% vs. 40.5%), whereas 15.9% of patients did not receive any reperfusion therapy (Table 1) .
Validity of STEMI diagnosis
Among the index hospitalization DAD records, a most responsible diagnosis of STEMI was correctly recorded for 3043 patients (94.0%). Of the 193 patients that were incorrectly coded in DAD (i.e., did not have a most responsible diagnosis of STEMI), the most frequent diagnoses were Non-ST elevation (NSTEMI) myocardial infarction (62.2%), AMI-unspecified (21.2%), and atherosclerotic heart disease of native coronary artery (7.8%).
Validity of cardiac procedures
Of the 3 in-hospital procedures examined, all yielded excellent results using the administrative CCI codes compared to chart review, with Kappas of 0.83 (PCI), 0.87 (angiogram), and 1.00 (CABG). Administrative coding for CABG correctly identified all but 1 procedure yielding sensitivity, specificity, PPV, and NPV between 99.2% and 100.0%, whereas PCI and angiogram coding resulted in sensitivity, specificity, PPV, and NPV between 79.9% and 99.1%, respectively ( Table 2 ). All administrative procedure codes for CABG were identified in the DAD; however, the DAD data captured only 78.6% of PCI codes and 80.5% angiogram codes, with the rest coming from the NACRS database.
Validity of comorbidities
In evaluating our primary objective, we found that although the performance measures of the different algorithms for the identification of comorbid conditions varied considerably depending on condition under consideration, the use of 2 visits in either the DAD or the NACRS in the previous 2 years consistently yielded the highest PPV ( AdministraƟve data available N = 3285
Earliest hospitalizaƟon for each paƟent N = 3236
Non-Alberta resident (n=265) Invalid paƟent idenƟfier (n=39) Figure 1 . Study cohort derivation. The study cohort consisted of 3592 STEMI patients of which 3589 had completed registry data. This registry cohort was matched to administrative data successfully in 3285 with the final cohort being 3236 after repeat admissions were removed. VHR = Vital Heart Response STEMI registry. (Table 3) .
Discriminative ability for in-hospital death was similar for the 4 algorithms, with the first 3 algorithms yielding C statistics of 0.80, whereas the algorithm using 2 visits in either dataset in 2 years had a C statistic of 0.76.
Discussion
This study utilized an existing registry of STEMI patients in Alberta and was linked to administrative inpatient and ambulatory databases to provide a platform for validating Valid n represents the number of records with nonmissing values included in validation for each comorbidity. CI = confidence interval, DAD = Discharge Abstract Database, MI = myocardial infarction, NACRS = National Ambulatory Care Reporting System, NPV = negative predictive value, PPV = positive predictive value.
Youngson et al. 95:32 Medicine STEMI diagnosis and cardiac procedures as well as common comorbidity definitions that do not rely on physician claims databases. We found STEMI diagnosis and procedure validation yielded excellent agreement compared to chart review with Kappa values ranging from 0.84 to 1.00 for procedures defined using CCI codes. It is important to utilize ambulatory as well as inpatient data for defining PCI and angiogram, as we found that inpatient data alone captured only 80% of these procedures. A previous study showed prevalence of administrative coding for CABG remained constant in an Alberta city in the years immediately following implementation of CCI coding, [14] suggesting comparability across time periods, whereas another study in Alberta showed good agreement between administrative CCI codes compared to chart review for coronary angiography, with Kappa 0.74 (sensitivity 61%, specificity 99.9%, PPV 98%, NPV 98%), [15] results that are similar to ours. Comorbidity validation varied depending on the conditions, and these results are important because they provide a basis for defining comorbidities when physician billing claims data are not available. Using DAD inpatient data alone to define comorbidities is feasible, but not ideal as algorithms that included the NACRS ambulatory database enhanced validity. In general, researchers can use the algorithm based on 2 DAD/NACRS visits in the previous 2 years to optimize PPV, or select an alternate algorithm if determined to be more appropriate for specific research objectives (e.g., to maximize sensitivity). Despite variation in each of the comorbidity algorithms, there was little difference when comparing discrimination for in-hospital mortality. Our results are consistent with other studies that considered case definition algorithms for defining comorbid conditions. Two recent studies that validated administrative definitions for diabetes compared to chart review had a Kappa value of 0.85 using hospital discharge data with a 2-year lookback period, [16] whereas another achieved Kappa of 0.79 using an algorithm of 2 physician claims within 2 years or 1 hospitalization. [17] For defining hypertension, 1 study obtained Kappa of 0.71 using a definition of 2 physician claims within 2 years or 1 hospitalization, [18] whereas another achieved Kappa of >0.70 using 2 physician claims within 3 years. [19] 
Strengths and limitations
Our study has several strengths, including availability of a detailed clinical registry of STEMI patients and the ability to link to comprehensive administrative datasets. However, there are also some potential limitations. First, the chart review data that were used as our reference standard were collected by trained study personnel, but not for the purpose of validating comorbidities. Therefore, we cannot calculate inter-rater reliability for the coding of comorbidities in VHR. Second, the VHR registry recorded true comorbidities (i.e., conditions present on arrival to hospital), whereas the administrative data include conditions that developed during the episode of care, which present a possible source of discrepancy for our comparisons. Third, as our cohort includes only STEMI patients, we were unable to determine specificity, PPV, or NPV for the administrative STEMI definition. Fourth, we were unable to determine underlying causes of discrepancies between VHR and the administrative datasets. For example, PPV was higher than NPV in the validation of cardiac procedures, which suggest the administrative definitions tended to miss some procedures, but the underlying reasons for this are not known. Fifth, our cohort represents patients hospitalized for STEMI at 5 hospitals in Edmonton, Alberta, and may not be representative of a larger, more general population within different healthcare systems; however, our demographics and comorbidity profiles closely mirror those of larger, multisite studies for patients hospitalized with MI. [20] [21] [22] [23] Finally, although we utilized the Canadian enhancement to ICD-10 for defining comorbidities, our definitions relied mostly on 3-digit codes, which are consistent among countries that use ICD-10 morbidity coding.
Conclusions
In general, Canadian ICD-10 codes can be used to accurately define comorbidities using administrative algorithms that rely on DAD (inpatient) and NACRS (ambulatory) data when it is not feasible to include physician billing claims as part of the comorbidity algorithms. Although definitions for some conditions were less than optimal, this had little effect on the discriminative ability of the comorbidities for predicting inhospital mortality. Comorbidity algorithms that use 2 DAD/ NACRS visits in the previous 2 years should be used to maximize PPV; however, other algorithms can be used if interest instead lies in maximizing sensitivity, specificity, or NPV. Additionally, ICD-10 and CCI codes can be used to accurately identify patients hospitalized for STEMI and define cardiac procedures, respectively.
